Twisted gastrulation and chordin inhibit differentiation and mineralization in MC3T3-E1 osteoblast-like cells.
Bone morphogenetic proteins (BMPs) are potent inducers of osteoblast differentiation. The accessibility of BMP ligands for binding to their receptors is regulated by secreted proteins Twisted gastrulation (Tsg) and Chordin (Chd). Tsg antagonizes BMP signaling by forming ternary complexes with Chd and BMPs, thereby preventing BMPs from binding to their receptors. In addition to the anti-BMP function, Tsg also has pro-BMP activity, partly mediated by cleavage and degradation of Chd, which releases BMPs from ternary complexes. The roles of Tsg and Chd in osteoblast differentiation are not known. Therefore, in the present study, we investigated the effect of exogenous Tsg and Chd on osteoblast differentiation and mineralization using a well-characterized subclone of MC3T3-E1 osteoblast-like cells. Our results show that Tsg and Chd are expressed in MC3T3-E1 osteoblast-like cells. While Tsg mRNA levels decrease during osteoblast differentiation, Chd levels are found to increase. Tsg and Chd proteins accumulate in the cell culture media as the osteoblasts differentiate. Exogenous Tsg and Chd inhibit osteoblast differentiation and mineralization. Osteocalcin (OCN) mRNA levels decrease following both Tsg and Chd treatment. Tsg and Chd also inhibit alkaline phosphatase (ALP) activity in a dose-dependent manner. To provide insight into the mechanism of Tsg and Chd action, we investigated the effect of Tsg and Chd on BMP activity by determining phosphorylated Smad1 (pSmad1) levels. We show that both Tsg and Chd can independently and in combination reduce pSmad1 levels in MC3T3-E1 cells treated with BMP4. Further, BMP2 partially reverses the inhibitory effect of Tsg and Chd on ALP activity. Taken together, these results suggest that Tsg and Chd are involved in osteoblast differentiation and mineralization by regulating BMP signaling.